AgInSbTe film formed textures with strip shape after laser initialization, and the crystalline phase was identified to be f.c.c. phase with d = 6.14Å. After initialization, the cross-section high-resolution transmission electron microscopy (HRTEM) image suggested that very few nuclei formed within the film thickness, instead, mainly heterogeneous nucleation in both boundaries between the recording layer and the dielectric layers. The groove geometry would affect the temperature distribution raised by irradiation of the initialization laser. The temperature distribution would lead to the grain growth along a certain direction and result in the strip-shaped texture. The difficulty of nucleation was confirmed by the static testing results, therefore few nuclei could form in the erasing process. Some clusters exist in the amorphous marks at low linear velocities, i.e. CD 1X and CD 2X. The clusters in amorphous marks could enhance nucleation, so the amorphous marks would crystallize via nucleation and growth mechanism in the erasing process. The degree of order in the amorphous marks decrease with linear velocities, and no clusters exist in the amorphous marks at CD 4X. Due to the difficulty of nucleation, the erasing process is dominated by the direct grain growth mechanism at high linear velocities.
Introduction
AgInSbTe alloys are the candidates of recording materials for compact disk (CD)-rewritable (RW) [1] and DVD-RW [2] . However, little study of microstructures is reported. H. Iwasaki et al. found that Ag8In13Sb48Te30 formed different crystalline phases under different annealing schemes [1] : AgInTe2 and Sb phases for lower-temperature annealing (230 and 290 ) or laser annealing at lower power density (0.4 mW/ m 2 ), and AgSbTe2 phase for higher-temperature annealing (350 ) or laser annealing at higher power density (2.58 mW/ m 2 ). Furthermore, they employed HRTEM to observe the microstructures of laser-annealed recording film. The mixed In-Sb amorphous and fine AgSbTe2 crystalline phases were observed, and the size of AgSbTe2 crystallites is estimated to be 5~30 nm in diameter [1] . In our previous work, it is found that the thermal-annealed crystalline phases of Ag12.4In3.8Sb55.2Te28.6 are only AgInTe2 and Sb, and that no AgSbTe2 is observed after 1h thermal annealing with an annealing temperature lower than or equal to 450 [3] . The fact shows that the crystallization behavior depends on the composition of recording materials. The crystalline phases formed after initialization depend on the laser power. The crystalline phases formed at low power, i.e., 250 mW, is Rhombohedral Sb phase, and that at a power higher than 350 mW is f.c.c. phase [4] . Furthermore, the microstructures of laser initialization at the power higher than 350 mW shows textures with the strip shape, which are different from the fine-crystallites structures reported by H. Iwasaki et al. [1] .
The main factor that affected the microstructures is probably the area of laser irradiation. In addition, we found that the erasing mechanisms varied with the linear velocities and the erase power in our previous work [5] . Under CD 2X recording, erasing is proceeded with nucleation and growth mechanism at low erase laser power, i.e. 4mW. However, it is the direct grain growth that controls the mechanism of erasing at higher erase power. Under CD 4X recording, the erasing is dominated by direct grain growth originated from the interface between amorphous marks and their neighboring crystalline region, and the erase power determines the location where the grain growth begins [5] .
In this study, the crystal structure of AgInSbTe film initialized at the power of 550 mW is reconfirmed by the grazing incident angle diffraction. We employed HRTEM to examine the fine structure of strip-shaped textures. Combination with the static testing and the effects of the groove geometry, the formation mechanisms of the textures can be explained. In addition, the microstructures of amorphous marks recorded at different CD linear velocities (CD 1X 2X and 4X) are examined in order to study the erasing mechanisms in depth. Based on the results of HRTEM observations, the erasing mechanisms at different linear velocities are proposed.
Experiment
The multi-layered structure used is as follows: polycarbonate substrate (1.2 mm)/ZnS-SiO2 (110 nm)/Ag12.4In3.8 Sb55.2Te28.6 (20 nm)/ ZnS-SiO2 (43 nm)/AlTi (115 nm). The wavelength of the initialization laser is 810 nm and the beam size is 96´2 mm. The initialization was proceeded with a linear velocity of 3 m/s, laser proceeding velocity of 24 mm/rev., and power of 550 mW. Pulstec CD-R/RW Tester DDU1000 was employed for dynamic testing [5] . The linear velocity of CD 1X is 1.2 m/s. MAC Sience MXP18 x-ray was employed to proceed grazing incident angle diffraction (GIA) with an incident angle of 0.5 0 . In order to compare crystal structures of recording layer after thermal annealing with those after laser annealing, a 20 nm single-layer AgInSbTe film annealed at 230 for one hour under Ar atmosphere was employed to proceed GIA diffraction. JEOL FX-II 2010 TEM was employed to examine the fine-structures of initialized AgInSbTe recording layer. In addition, the HRTEM images of amorphous marks and erased region at CD 1X, 2X and 4X were studied to examine the effects of linear velocities on erasing mechanisms. Figure 1 shows X-ray diffraction results of Ag-In-Sb-Te films after thermal annealing and laser initialization, respectively. The crystalline phase formed after thermal annealing is Rhombohedral Sb phase, but that formed after laser annealing can not be identified by the Joint Committee of Powder Diffraction Standard (JCPDS) cards, such as AgSbTe2, Sb, and so on. However, the diffraction peak of the laser-annealed phase can be fitted by an f.c.c. phase with lattice parameter of 6.14Å. The cubic AgSbTe2 is a probable candidate, but the fitted lattice parameter error is 1%. For the recording layer of composition Ag12.4In3.8 Sb55.2Te28.6, it is expected that phases other than AgSbTe2 must exist. Most of the extra Sb composition should be present as Sb phase. A distorted Sb phase may be another candidate [4] . The XRD results of crystal structures and lattice parameters reconfirmed our previous work of TEM analysis [4] . after thermal annealing and laser initialization, respectively. The crystalline phase formed after thermal annealing is Rhombohedral Sb phase, but that formed after laser annealing can not be identified by the Joint Committee of Powder Diffraction Standard (JCPDS) cards, such as AgSbTe2, Sb, and so on. However, the diffraction peak of the laser-annealed phase can be fitted by an f.c.c. phase with lattice parameter of 6.14Å. The cubic AgSbTe2 is a probable candidate, but the fitted lattice parameter error is 1%. For the recording layer of composition Ag12.4In3.8 Sb55.2Te28.6, it is expected that phases other than AgSbTe2 must exist. Most of the extra Sb composition should be present as Sb phase. A distorted Sb phase may be another candidate [4] . The XRD results of crystal structures and lattice parameters reconfirmed our previous work of TEM analysis [4] . Figure 2 (a) shows the top-view TEM image for the initialized sample. It is found that the textures with strip shape exist in initialized AgInSbTe recording layer. In accordance with the HRTEM images shown in Figs. 2 (b) , the lattice orientation within a texture is the same. However, some defects such as dislocations, interstitial atoms and clusters of foreign atoms are present in the texture as shown in Fig. 2(c) . In addition, the width of textures is about 40~60 nm, and the length is larger than 500 nm. The dimension of texture length is much longer than the film thickness, 20 nm. Figure 3 is the cross-section high-resolution TEM image. It is found that the lattice orientation is the same within the dimension of thickness, but that some defects are present. In other word, the thickness of texture equals to that of recording layer.
Results and Discussions
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of textures is about 40~60 nm, and the length is larger than 500 nm. The dimension of texture length is much longer than the film thickness, 20 nm. Figure 3 is the cross-section high-resolution TEM image. It is found that the lattice orientation is the same within the dimension of thickness, but that some defects are present. In other word, the thickness of texture equals to that of recording layer.
According to the HRTEM results, there are some defects in the texture, and these defects may induce stress to distort the lattice. Therefore, the majority phase Sb may be distorted and formed the metastable f.c.c. phase.
The stripe-shaped textures show anisotropic grain growth. Due to the rotation of the disk, the temperature gradient results in that the grain growth rate is faster along a certain direction [6] .
The stripe-shaped textures show anisotropic grain growth. Due to the rotation of the disk, the temperature gradient results in that the grain growth rate is faster along a certain direction [6] . The difficulty of nucleation is illustrated in the following paragraph.
It implies that few nuclei could form during initialization. The few nuclei formed accompanied with the probable anisotropic growth may result in the strip-shaped texture. In addition, it is impossible to form a perfect lattice under rapid crystallization for a non-stoichiometric composition, thus a large amount of defects such as interstitial atoms and clusters of foreign atoms existed in the textures.
We employed the static system equipped with a 780 nm laser and a lens with NA of 0.5 to verify the difficulty of nucleation in the AgInSbTe films. Even when the irradiation time is longer than 10 s, the reflection intensity of the as-deposited disk remain the same at power levels lower than the threshold power for melting. The as-deposited disk could be initialized by continuous laser pulses. The crystallization percentage (C.P.) increases monotonically with (Vc-Vas.)/((Vc)s-Vas.). Here, Vas. is the voltage of reflected light (VRL) of as-deposited film, Vc is the VRL of initialized film, and (Vc)s is the saturation VRL of initialized film. For a fully crystallized sample, the (Vc-Vas.)/((Vc)s-Vas.) should be 1. Therefore, for illustration purpose, a linear relationship is assumed and defined as: and defined as: Although the initialization takes a long time, the amorphous spot would be crystallized by a 200 ns pulse. We employed a 200 ns laser pulse of 2.5 V to form an amorphous spot, and the dependence of erasure percentage on the laser voltage is shown in Fig. 4(b) . Following the principle for defining equation (1), the erasure percentage (E.P.) is defined as: Although the initialization takes a long time, the amorphous spot would be crystallized by a 200 ns pulse. We employed a 200 ns laser pulse of 2.5 V to form an amorphous spot, and the dependence of erasure percentage on the laser voltage is shown in Fig. 4(b) . Following the principle for defining equation (1), the erasure percentage (E.P.) is defined as:
Here, Va is the VRL of amorphous spot, and Ve is the VRL of erased spot. The amorphous spot can be well-erased at the voltage range from 1.1 V to 1.5 V.
An amorphous region may crystallize via the following two An amorphous region may crystallize via the following two routes: (1) nucleation and grain growth, and (2) direct grain growth from the periphery of the crystalline region. The crystallization of the as-deposited film, which is amorphous structure, must be via routes: (1) nucleation and grain growth, and (2) direct grain growth from the periphery of the crystalline region. The crystallization of the as-deposited film, which is amorphous structure, must be via the nucleation and grain growth mechanism. However, the amorphous spot can crystallize via both the two routes. While the nucleation rate is greatly faster than the grain growth rate, the crystallization time of the amorphous spot would be close to that of the as-deposited film. Otherwise, the amorphous spot can crystallize via direct grain growth from the periphery of the crystalline region. The nucleation time can be negligible then.
Only the grain growth time is counted for the crystallization time. Thus, the crystallization time of the amorphous spot should be faster than that of the as-deposited film. The experimental results of the static testing supports the latter mechanism.
the nucleation and grain growth mechanism. However, the amorphous spot can crystallize via both the two routes. While the nucleation rate is greatly faster than the grain growth rate, the crystallization time of the amorphous spot would be close to that of the as-deposited film. Otherwise, the amorphous spot can crystallize via direct grain growth from the periphery of the crystalline region. The nucleation time can be negligible then.
In addition, when we employed a 400 ns pulse with the voltage higher than the threshold voltage of melt, i.e. 2.7 V, to irradiate the as-deposited disk for several pulses, the VRL raises slightly.
The raise of the VRL is probably due to the crystallization of the outer periphery within the irradiation region. The partial crystallized spot can crystallize completely by a pulse of low voltage, i.e. 1.3 V.
The crystallization of the Ag12.4In3.8Sb55.2Te28.6 material is limited by the slow nucleation process, so the direct grain growth from the periphery of the crystalline region is faster than the nucleation and grain growth mechanism. In addition to increase the reflectivity for focusing and tracking, initialization provides the crystalline background for the amorphous mark to crystallize via the direct grain growth mechanism. Thus, initialization is essential for high-speed overwriting of AgInSbTe system. The crystallization of the Ag12.4In3.8Sb55.2Te28.6 material is limited by the slow nucleation process, so the direct grain growth from the periphery of the crystalline region is faster than the nucleation and grain growth mechanism. In addition to increase the reflectivity for focusing and tracking, initialization provides the crystalline background for the amorphous mark to crystallize via the direct grain growth mechanism. Thus, initialization is essential for high-speed overwriting of AgInSbTe system. 
Effects of Linear Velocities on The Erasing Mechanisms Effects of Linear Velocities on The Erasing Mechanisms
In our previous work [5] , we found that erasing of CD 2X at low erase laser power is proceeded with nucleation and growth mechanism. It is the direct grain growth that controls the mechanism of erasing at higher erase power. However, the erasing at CD 4X is dominated by direct grain growth originated from the interface between amorphous marks and their neighboring crystalline region, and the erase power determines the location where the grain growth starts. According to the static testing results, the crystallization time of the as-deposited disk is more than 10 s. However, the irradiation time at a certain position is about 400 ns at CD 2X, which is shorter than the crystallization time of the as-deposited disk. It is surprising that the amorphous In our previous work [5] , we found that erasing of CD 2X at low erase laser power is proceeded with nucleation and growth mechanism. It is the direct grain growth that controls the mechanism of erasing at higher erase power. However, the erasing at CD 4X is dominated by direct grain growth originated from the interface between amorphous marks and their neighboring crystalline region, and the erase power determines the location where the grain growth starts. According to the static testing results, the crystallization time of the as-deposited disk is more than 10 s. However, the irradiation time at a certain position is about 400 ns at CD 2X, which is shorter than the crystallization time of the as-deposited disk. It is surprising that the amorphous
Advanced Nanomaterials and Nanodevices (IUMRS-ICEM 2002, Xi'an, China, 10-14 June 2002) irradiation time of laser pulse at a certain position decreases. Both the accumulated heat and the re-heating duration decrease, so the degree of crystallization decreases. Therefore, few clusters are present in the recording marks at CD 2X, and no clusters are found in the recording marks at CD 4X. marks could be erased via nucleation and growth mechanism at CD 2X. In order to understand the dependence of linear velocities on erasing mechanisms, HRTEM is applied to observe the fine structures of amorphous marks and the eased area.
Figures 5 show the HRTEM images at the center part of 3T amorphous marks recorded at different linear velocities. Lots of clusters with the size of 3.8 nm in diameter exist in the amorphous marks at CD 1X as shown in Fig. 5(a) . These clusters are probably small nuclei or embryos. The distribution of cluster size at CD 2X is from 1.2 nm to 3.1 nm in diameter as shown in Fig.  5(b) . Most of the clusters are small size, and few clusters are larger size. The degree of order in the amorphous mark decrease with linear velocities, and no clusters exist in the amorphous marks at CD 4X as shown in Fig. 5(c) . The fine structure of amorphous marks at CD 4X is without short-range order.
The erasing mechanisms of AgInSbTe CD-RW at each linear velocity can be related to the difficulty of nucleation and the fine structure of amorphous marks.
According to the static testing and HRTEM results of the as-deposited disk, it is impossible for crystalline grains to nucleate and to grow from a disorder matrix in the erasing process. But, the clusters in amorphous marks at CD 1X and CD 2X have great effects on the erasing process. We propose that the clusters probably serve as nuclei or embryos. These clusters could enhance nucleation, so crystallization via nucleation and grain growth would occur in the erasing process. In contrast, no clusters exist in the amorphous marks at CD 4X. Since nucleation is difficult, the erasing mechanism must be direct grain growth from the periphery of the crystalline region.
The formation of amorphous marks must quench from melting, and the cooling process will have great influence on the microstructures. If the cooling rate is not fast enough, the crystalline phases will form via nucleation and growth. The heat accumulated during the irradiation of writing pulses and the re-heating of the following pulses can affect the cooling profiles. For the disk recorded at CD 1X, the irradiation time of laser pulse at a certain position is much longer than that recorded at higher linear velocities. More heat would be accumulated at low linear velocities, so the clusters formed in some particular regions of the recording marks. While the linear velocity increases, the m, and that of 11T mark is about 3.05 m. In Fig. 6(a) , the bright-field image shows that only the central part of the amorphous mark was erased, and that the amorphous residuals remain at both sides. Since the intensity of the recording laser is Gaussian distribution, the temperature is the highest at the central part of the track. The temperature raised by erase power of 4 mW is not high enough to erase all the amorphous mark, and the temperature at both sides of amorphous marks is too low to ignite crystallization. Thus, only the central part of the amorphous mark can be erased, and the amorphous residuals remain at the both sides. An amorphous mark can crystallize via the nucleation and growth mechanism or direct grain growth from the crystalline background. The two crystallization mechanisms compete with each other. The dark-field image shows that two kinds of microstructures exist in the erased region, as shown in Fig. 6(b) . The two microstructures suggest that the erasing mechanisms vary with different positions. The textured microstructure of erased region at the front part of the previous 3T mark possesses the same orientation as that of the crystalline background. It suggests that the erasing mechanism in this region is the direct grain growth. At the front end of the 3T amorphous mark, direct grain growth from the crystalline background is faster than the other mechanism due to the save of nucleation time. It means that the erasing mechanism at the front end is dominant by the direct grain growth. However, the erased region in the inner part of the previous 3T mark is not textured microstructure, and the crystal orientation is different from the crystalline background. This observation suggests that the crystallization in this region is through nucleation and grain growth. The inner part of the amorphous mark can crystallize either via the nucleation and growth mechanism, or via direct grain growth from the edge of the mark to the inner part.
Since the grain growth rate at the temperature raised by erase power of 4 mW is not fast enough, the grain would not grow continuously from the border of the mark to the inner part. On the contrary, nucleation can be enhanced by the pre-existing clusters. Therefore, the nucleation and growth mechanism is dominated in the inner part of amorphous mark. The fine structures of amorphous marks would affect the erasing mechanism. Due to the accumulation of heat, some clusters exist in the amorphous marks at low linear velocities, i.e. CD 1X and CD 2X. The clusters in amorphous marks could enhance nucleation , therefore the amorphous marks crystallize via nucleation and growth mechanism in the erasing process. The degree of order in the amorphous mark decreases with linear velocities, and no clusters exist in the amorphous mark at CD 4X. Therefore, the erasing process is via the direct grain growth mechanism at high linear velocities. 
Conclusions
The AgInSbTe film may form the metastable f.c.c. phase after laser initialization. The crystalline phase is different from the thermally-annealed phase, Rhombohedral Sb phase.
The laser-annealed crystals show strip-shaped texture. The thickness of texture equals to the AgInSbTe film thickness, the width of textures is 40~60 nm, and the length is longer than 500 nm. In addition, the AgInSbTe film is non-stoichiometric, a large amount of defects such as interstitial atoms and clusters of foreign atoms exist in the textures. The static testing results show that nucleation of AgInSbTe film is difficult, and the temperature distribution raised by irradiation of initialization laser leads to the grain growth along a certain direction. The anisotropic growth results in the strip-shaped texture.
